Older women experience a large share of breast cancer incidence and death. With the projected rise in the number of older cancer patients, adjuvant chemo-, radiation and endocrine therapy management will become a key component of breast cancer treatment in older women. Many factors influence adjuvant treatment decisions including patient preferences, life expectancy and tumor biology. Geriatric assessment predicts important outcomes, identifies key deficits, and can aid in the decision making process. This review utilizes clinical vignettes to illustrate core principles in adjuvant management of breast cancer in older women and suggests an approach incorporating life expectancy and geriatric assessment.
future science group Review Jolly, Williams, Bushan et al. year-old women present to discuss adjuvant treatment for breast cancer.
Mrs A has a history of osteoarthritis. She selfdetected a right breast lump during personal care. She lives with her ailing sister and assists with her care. She reports walking 2 miles per day and has no difficulty pulling heavy objects. Her BMI is 28. She has not been hospitalized in the past year and rates her general health as very good.
Mrs B has a history of Alzheimer's dementia. She lives with her daughter who manages her medications and finances. Her daughter noticed a right breast lump while assisting her mother with personal care. Mrs B ambulates with a walker but is unable to walk more than ¼ mile and has difficulty pulling heavy objects. Her BMI is 19 . She has been admitted to the hospital twice in the past year, most recently for a fall and rates her general health as fair.
Both women are lifelong nonsmokers and except for the palpable breast lumps have unremarkable physical examination findings. Imaging confirms the right breast masses. Core needle biopsy reveals grade 2, invasive ductal carcinoma. Immunohistochemical stains show 99% of tumor cells expressing estrogen (ER) and progesterone (PR) receptors but <10% (score 0) stains for the human epidermal growth factor receptor 2 (HER-2/neu). A fluorescent in situ hybridization probe confirms that HER-2/neu is not overexpressed. Both women undergo lumpectomy and sentinel lymph node evaluation. Pathologic specimens reveal a 3.1 cm, grade 2 invasive ductal can-cer with no sentinel lymph nodes involved by cancer, that is, stage IIA (pT2, N0).
Background
It is estimated that in 2015 breast cancer will be the most frequently diagnosed malignancy among women in the USA, representing approximately 14% (231,840 people) of all new cancer cases and will be the third leading cause of mortality among women, accounting for an estimated 40,290 deaths [1] . The incidence of breast cancer rises dramatically with age, which is the single most important risk factor for developing cancer. As a result, a large proportion (41%) of all new breast cancer diagnoses and the majority of breast cancer deaths (58%) occur in women 65 years and older [1] . In fact, the median age at breast cancer diagnosis and death in the USA is 61 and 68 years, respectively [1] . These statistics are expected to change dramatically in the years ahead as a result of increasing life expectancy and an overall aging of the US population [2] . By 2030, the proportion of older adults (65 years and older) is projected to almost double from 14 to 20% of the total US population -one in every five persons or 70 million people [3] . Providing high level care for an increasing number of older breast cancer patients is of critical importance and will require health care providers and support staff who are trained in evaluating and treating this patient population.
Most breast cancers in older women are identified at an early, treatable stage [4] and the majority of women diagnosed with early stage breast cancer enjoy prolonged disease free survival [5] . Yet, recurrent disease remains a persistent and vexing problem [6] . Those with loco-regional recurrences will require additional surgery and other therapies while those who develop distant metastases are considered incurable with current therapies and most will eventually succumb to their illness. Thus, adjuvant therapies defined as treatmentschemotherapy, radiation or endocrine therapy -usually offered after primary surgery in an effort to decrease the risk of breast cancer recurrence and improve the odds of long-term disease-free survival have become key a component of breast cancer management.
Older breast cancer patients have not enjoyed as much improvement in survival from recent advances in adjuvant treatment as their younger counterparts [7] . In part, this disparity reflects uncertainties about the value of treatments, such as adjuvant chemotherapy, for older women, and its frequent lack of use even when appropriate. Deciding which patients are optimal candidates for adjuvant treatment in light of the potent toxicities as well as potential benefits of adjuvant treatment is challenging [8] . Older women with unfavorable breast cancer subtypes are reasonable candidates for chemotherapy but many will be ineligible because of significant comorbidities. The aging process is characterized by a variable decline in organ function [9, 10] and the accumulation of comorbid medical conditions [11] that can vary greatly between older people of the same age. This inherent heterogeneity can result in two similarly aged individuals -like the ones in the vignettes above, having vastly different general health, physical, cognitive and functional status. In addition, older cancer patients may have different and varied values, goals and preferences with respect to the trade-off between longevity and quality of life [12] . The purpose of this review is to illustrate key concepts and principles in the decision process and management of adjuvant therapies for older women with early stage breast cancer. Our aim is to discuss adjuvant treatment options for older women with breast cancer focusing on three areas: patient goals, beliefs, preferences and quality of life considerations; evaluation of the older patient's fitness and suitability as defined by life expectancy, geriatric assessment, biologic, nodal and tumor differences; and to define the role of adjuvant treatment options, including chemotherapy, endocrine and radiation therapy and tools to assist in decision making.
Primary endocrine therapy
Although the main focus of this paper is adjuvant therapies (i.e., after surgery), declining performance status and organ function as well as increasing comorbidity renders many older women with localized breast cancer suboptimal candidates for surgery. In these patients a discussion of primary endocrine therapy is warranted. Treatment with endocrine therapy as an initial approach, without removal of the primary tumor (i.e., primary endocrine therapy), has been evaluated in women who are not surgical candidates or decline operative intervention and is a reasonable option for such patients [13] . The role of primary endocrine therapy for women who are surgical candidates remains controversial with most studies showing inferior local control but no convincingly different overall survival [14] .
A 2007 Cochrane review analyzed data from clinical trials enrolling women 70 years and older with operable breast cancer who were fit for surgery comparing mastectomy or wide local excision with or without tamoxifen to tamoxifen alone [15] . This systematic review found no difference in survival when surgery either with (n = 1076; hazard ratio [HR]: 0.86; 95% CI: 0.73-1.00; p = 0.06) or without (n = 495; HR: 0.98; 95% CI: 0.74-1.30; p = 0.9) adjuvant tamoxifen was compared with tamoxifen alone. However, compared with tamoxifen alone there was a significant difference in progression free survival favoring surgery either with (HR: 0.65 [n = 1076; 95% CI: 0.53-0.81; p = 0.0001]) or without (HR: 0.55; 95% CI: 0.39-0.77; p = 0.0006) tamoxifen therapy. It is worth noting that this review included clinical trials of women with unselected hormone receptor status. Tamoxifen is not effective or indicated in HR receptor negative breast cancer and this may have resulted in the underperformance of the primary endocrine therapy arm.
A 2014 meta-analysis documented similar findings with data from nonrandomized studies suggesting a survival advantage favoring surgery possibly resulting from selection of frail or unfit patients for treatment in the primary endocrine therapy group [16] . Recent long term updates of the Phase III (GRETA) trial showed inferior local control rates with tamoxifen alone versus surgery plus adjuvant tamoxifen but reported more favorable distant metastases free survival in women who took tamoxifen alone (48.8 vs 37.9 months; p = 0.009) [17] . The study found no difference between groups in the rate of distant metastases, disease-free survival, breast cancer and overall survival. Taken together these results suggest that primary endocrine therapy is a reasonable option for fit older women with early breast cancer who wish to delay or decline initial surgery. More recently trials of aromatase inhibitors as primary endocrine therapy have found them to be effective in this setting and may be a better initial option for many older patients.
Treatment goals, patient beliefs & preferences
Many factors influence the decision to pursue or forego adjuvant therapy in older cancer patients. In this future science group review, we present the complex trade-off between benefits and risks of adjuvant therapies to be conveyed to and weighed by the individual patient in light of their own particular treatment goals, beliefs about treatment risks and benefits, and preferences regarding near-and long-term outcomes. Although older patients have been shown to be as agreeable to undergo chemotherapy as younger patients, older patients often differ in their willingness to trade increased survival potential for decreased quality of life in survivorship [12, 18] . Older patients generally value life without excessive fatigue, heightened anxiety and/or depression over an extended lifespan complicated by these issues [19] . While most older patients are willing to undergo a high treatment burden for improvements in survival, the vast majority would decline therapies that resulted in severe functional (74%) or cognitive (89%) impairments [20] . Thus, regardless of the estimated benefits and risks of a particular treatment, older patients may have different personal preferences when making treatment decisions. Eliciting and respecting patient goals, beliefs and preferences with regard to adjuvant treatment is a critical step in the decision-making process.
Evaluation of older women with breast cancer
In this section, we describe three major considerations in the determination of treatment options for older breast cancer patients: findings from a geriatric assessment, calculation of average life expectancy and specific biologic, tumor and nodal characteristics.
Geriatric assessment
In addition to a standard medical history and physical examination and assessment of tumor characteristics and organ function, oncology providers have traditionally considered chronological age and basic measures of functional status such as the Karnofsky (KPS) [21] or the Eastern Cooperative Oncology Group [22] performance status as the major factors for making adjuvant chemotherapy decisions. For older patients, however, the heterogeneous process of aging can limit the utility of chronologic age and performance status measures that have not been specifically validated in older adults and are not sufficiently sensitive to identify important deficits in function, cognition, psychosocial and other geriatric domains [23] . Figure 1 introduces the concept of the geriatric oncology iceberg illustrating that many factors which may influence adjuvant treatment decisions and impact outcomes in older women with breast cancer are not always evident when considering age, traditional performance status measures, organ function and tumor characteristics. Multidimensional, interdisciplinary geriatric assessment (GA) offers a more thorough approach to evaluating the fitness of older cancer patients for various adjuvant therapies. In fact, the International Society of Geriatric Oncology recently recommended use of GA for all older adults with cancer to identify patient deficits, and better understand a patient's functional age. Geriatric assessment allows for characterization of a patient's function into three groups; fit, vulnerable and frail to assist with clinical decision making [24] .
Most GAs include domains of functional status, comorbidity, medication use, nutritional status, social status, cognition and psychological concerns using a variety of reliable and valid measurements. Specifically in older women with breast cancer, the GA has been used to determine frailty, estimate survival [25, 26] and predict chemotherapy toxicity [27] [28] [29] [30] . The GA can also detect issues that may affect cancer treatment tolerability such as cognitive impairment, depression, nutritional deficits and identification of falls [31, 32] . In a recent study of 796 older cancer patients with 'normal' interviewer-and self-assessed KPS, GA identified at least one functional, psychosocial or nutritional deficit, comorbid illness or polypharmacy in more than two-thirds (68%) of study participants [33] . Timely identification of such deficits and subsequent intervention with supportive services could decrease disability, institutionalization and cost as well as improve the quality of life in older women with cancer [31, 32] . For example, services such as physical and occupational therapy (OT/PT) can be used to address poor endurance, fatigue, strength or decline in activities of daily living and instrumental activities of daily living [34, 35] . Early recognition of these functional deficits and timely referrals can decrease long-term disability [36] . Other services, such as nutrition, psychiatry, geriatrics and pharmacy consultation can also be used to remedy potentially modifiable deficits that are often not identified and therefore potentially unaddressed in routine oncology practice. A full GA is time intensive and requires specialized personnel and resources; however, abbreviated GAs have been shown to be feasible in a variety of settings including a co-operative group clinical trial, academic medical center and community oncology practices [37] [38] [39] .
Life expectancy
In addition to patient perspectives on their treatment options and findings from a brief GA, a further consideration in estimating potential benefits of adjuvant therapy is the patient's estimated life expectancy -independent of their breast cancer, to determine whether they are likely to live long enough to benefit from the treatment. Chronologic age is an integral component of such estimates; however, it is by no Adjuvant treatment for older women with invasive breast cancer Review means a sufficient consideration. As our two clinical cases illustrate, two 70-year-old breast cancer patients can have very different underlying health, physical activity and social support systems and require a treatment approach that reflects these differences ( Figure 1 ). It can be particularly challenging for physicians to estimate the life expectancy of their patients, especially for patients in advanced stages of cancer [40] . Fortunately, several tools are available to aid in the estimation of life expectancy in a variety of different patient populations (e.g., community dwelling or nursing home) and life expectancy time frame [41] . Many of these tools are available in an online calculator format on the 'ePrognosis' website [42] . For example, the Lee-Schonberg index takes into account the patient's age, gender, BMI, comorbidities, cigarette smoking, physical activity, previous hospitalizations and limitations in activities of daily living due to physical, mental, emotional or cognitive problems to estimate the patient's life expectancy [43] [44] [45] [46] . None of these tools are perfect, but they provide reasonable estimates and are generally better than a subjective guess. Obtaining an accurate assessment of a patient's life expectancy irrespective of their current cancer provides a broader context in which to frame potential cancer treatment options.
Biologic, tumor & nodal characteristics
Invasive breast cancer can be divided into three biologic subtypes: estrogen and/or progesterone receptor positive (also called hormone receptor/HR positive) and human epidermal growth factor receptor-2 (HER-2) negative; HER-2 positive, and estrogen and progesterone receptor negative and HER-2 negative (so-called 'triple negative' breast cancer; see Table 1 ). This subdivision of breast cancer into biologic subtypes is helpful in providing prognostic information to future science group Review Jolly, Williams, Bushan et al.
patients and also aids the clinician in selecting therapeutic options. In addition, biologic subtypes correlate with breast cancer molecular subtypes as defined by molecular based genetic methods, including luminal A, luminal B and basal-like [47] . The early stage tumors commonly identified in older breast cancer patients tend to have more favorable biologic characteristics and are associated with a more favorable prognosis [47, 48] .
Patients with hormone receptor positive, HER-2 negative breast cancer represent approximately 70% of older patients with early stage breast cancer [48] . Most of these patients have luminal A and luminal B breast cancers, with luminal A cancers having an excellent long-term prognosis especially if they are diagnosed when they are small (≤2 cm in largest diameter) and have no involvement of axillary lymph nodes [5] . The majority of these patients are generally considered for adjuvant endocrine therapy with agents that either block the effect of circulating estrogens (tamoxifen) or lower circulating estrogens (aromatase inhibitors -such as anastrozole, letrozole and exemestane). When added to optimal surgery and radiation therapy (if appropriate), these endocrine agents lower risk of recurrence in both the breast and chest wall as well as in distant metastatic sites (bone, lung, liver or other organs) by about half [49, 50] .
Some patients at the time of surgery are found to have involvement of adjacent lymph nodes (node-positive). The hazard ratio for relapse (breast cancer recurrence) is much higher in women with node positive disease and typically occurs during the first 5 years after diagnosis. There also remains a small risk of yearly recurrence which persists for as long as 15-20 years after diagnosis and possibly even longer [51] . This may have implications in therapy selection for older patients with shorter life expectancies.
HER-2 positive breast cancers are seen in approximately 15% of older patients. These cancers are biologi-cally more aggressive and tend to recur within the first 5 years of the initial diagnosis and treatment. Patients with hormone receptor positive, HER-2 positive breast cancer have somewhat better long-term prognosis than those with hormone receptor negativity. Patients with hormone receptor negative HER-2 positive breast cancers, if untreated with chemotherapy and HER-2 directed therapy, have the poorest survival. These patients, unless they have extremely short life expectancy, should be considered for cancer treatment, since the majority of recurrences in these patients are in the first several years after diagnosis. Options for chemotherapy and anti-HER-2 directed therapy are discussed below (Table 2 ).
Approximately 15% of older patients have triple negative breast cancers. These represent the most aggressive breast cancers with the majority of recurrences occurring within the first several years after treatment. Endocrine therapy has no role in management of triple negative breast cancer and thus adjuvant chemotherapy is a major consideration. However, emerging data suggest that triple negative breast cancer expressing the androgen receptor (AR) may respond to AR inhibition [58] . More aggressive chemotherapy regimens may afford better long-term outcomes but at the risk of greater toxicity. The risk of recurrence and response to therapy for triple negative breast cancers is not affected by age.
Adjuvant chemotherapy
Estimating the benefit of chemotherapy Not all women with breast cancer derive benefit from adjuvant chemotherapy. In fact, many older women (age >70) with hormone receptor positive early stage breast cancer treated with adjuvant chemotherapy will not accrue a survival advantage despite a reduction in the risk of relapse [8] . At issue is the clinical challenge of identifying patients who are most likely to benefit from adjuvant [59] . To this end, multivariable prognostic indices have been developed which utilize clinical and tumor characteristics to estimate the benefit of adjuvant endocrine and chemotherapy treatment. For example, Adjuvant! Online [60] incorporates age and comorbidities to estimate their impact on treatment benefit and survival, and Predict [61] estimates the added survival benefit of adjuvant trastuzumab therapy in addition to chemotherapy and endocrine therapy. Both tools have been validated in large cohort studies of women with breast cancer and provide general estimates of the benefits of various adjuvant therapies; however, they are limited in their application to any individual patient's circumstances.
To overcome this shortcoming, multigene prognostic assays -such as the 21-gene Oncotype DX ® -have been developed and validated in hormone receptor positive, node negative breast cancer patients to predict the risk of recurrence and estimate added value t of adjuvant chemotherapy in addition to endocrine therapy [62] . These assays may influence treatment decisions in older women with early breast cancer who have a high risk of recurrence based on proprietary recurrence scores. If there is a discrepancy between the estimated risks of recurrence based on gene-based assays and clinical characteristics a balanced discussion of the optimal approach should ensue. In clinical practice in the USA and Europe, chemotherapy is considered if there is an estimated 3-5% 10 year survival benefit [63] .
Risk of chemotherapy toxicity
Chemotherapy toxicity is a key consideration in adjuvant treatment decisions. Although overall chemotherapy-related mortality is low (∼1% in general), older cancer patients are more susceptible to chemotherapy toxicities as compared with their younger counterparts [64, 65] . Further, chemotherapy may exacerbate an older cancer patient's other medical comorbidities, and even low grade toxicities such as diarrhea and neuropathy may be sufficient to cause functional incontinence and decline in patients with pre-existing diabetic neuropathy or limited mobility. In a pivotal study, Hurria et al. investigated factors associated with chemotherapy toxicity. In addition to demographic and standard clinical variables such as age, cancer type, chemotherapy dose and creatinine clearance, their study found that deficits identified by GA such as hearing impairment, limited physical function, falls and hearing impairment predicted risk of grade 3-5 chemotherapy toxicity in older patients whereas the Karnofsky Performance Status measure did not [30] . Similarly, tools such as the Chemotherapy Risk Assessment Scale for High-Age Patient (CRASH) score can provide estimates of a patient's risk of chemotherapy toxicity and help tailor therapy as needed [66] .
Selecting adjuvant chemotherapy for older women
Limited data exist to guide optimal adjuvant chemotherapy treatment decisions in women age 70 and older with early stage breast cancer. Nevertheless, prospective trial data suggest that the benefit older women derive from adjuvant chemotherapy is similar to that conferred on their younger counterparts [67] . Table 2 provides an overview of common adjuvant chemotherapy regimens used in the treatment of women with breast cancer. Adjuvant chemotherapy is relatively well tolerated in medically fit older women and the same general principles apply in selecting adjuvant chemotherapy as in younger women. However, the general decline in physiologic reserve and increase in comorbidities predispose older women to increased risk of toxicity which, in turn, may impact overall function, quality of life and survival [65, 68] . Of particular concern is the risk of cardiac toxicity and secondary hematologic malignancies with anthracycline-based chemotherapy regimens [69] [70] [71] . Selection of therapy for older women should therefore be individualized taking into consideration comorbid illnesses and other factors as recommended by the National Comprehensive Cancer Network [72] .
Adjuvant radiation
The role for adjuvant radiation in older women with breast cancer follows the general principles of treatment in the breast conserving and postmastectomy settings. Adjuvant radiation is indicated for node positive breast cancer, which confers a survival advantage.
The value of nodal radiation for patients who have achieved a pathologic complete response to neoadjuvant chemotherapy is a topic of ongoing clinical trials.
There is a clear-cut local control benefit in the breast conservation setting, but the incremental benefit varies widely depending on tumor size, tumor grade, hormone receptor and HER-2/neu status. For some women with favorable prognostic features (e.g., <2cm node negative and hormone receptor positive tumors), who are appropriate candidates for adjuvant endocrine therapy, adjuvant radiation may be safely omitted. For example, in a seminal study Hughes et al. [73, 74] randomized women 70 years and older with breast cancer to lumpectomy and tamoxifen with or without radiation. They found no difference in time to distant metastases, time to mastectomy, breast cancer specific survival, 5-year or 10-year overall survival despite a slightly higher (∼3% at 5 years and 8% at 10 years) rate of locoregional recurrence in the nonirradiated group. Table 3 summarizes the relevant randomized trials and meta-analyses evaluating omission of radiation in older breast cancer patients. When the risk of locoregional recurrence warrants the use of adjuvant radiation, there are options for shorter courses of radiation that are appropriate for both older and younger women. Several randomized trials have demonstrated excellent local control and equivalent late effects and quality of life with hypofractionated radiation. The Whelan trial (OCOG) randomized 1234 women with node negative, margin negative breast cancer to two fractionation schemes 200 cGy for 25 fractions (the classic NSABP fractionation) versus 266 cGy for 16 fractions. With long term follow-up, there is no difference in local control, survival or late toxicity. This trend has received widespread interest, and is endorsed by the American Society for Radiation Oncology 'choose wisely' initiative [78] . Table 4 summarizes the relevant randomized trials evaluating shorter, hypofractionated radiation schedules.
Adjuvant endocrine therapy
There are two types of endocrine therapies for breast cancer -tamoxifen and aromatase inhibitors. Tamoxifen is a selective estrogen receptor modulator which inhibits estrogen binding to the estrogen receptors in breast tissue. In 2005, the Early Breast Cancer Trialists meta-analysis, which analyzed 194 randomized trials of adjuvant hormone therapy, showed that 5 years of adjuvant tamoxifen reduces the annual breast cancer death rate by 31% regardless of the use of chemotherapy, age, progesterone receptor status and other tumor characteristics [8] . As a result, early recommendations for adjuvant hormonal therapy focused on tamoxifen. future science group Adjuvant treatment for older women with invasive breast cancer Review Newer agents, like the aromatase inhibitors (AIs) anastrozole, letrozole and exemestane suppress plasma estrogen levels by inhibiting aromatase, the enzyme that converts peripheral androgens to estrogens [86] . Several large randomized clinical trials have evaluated the benefit of tamoxifen versus AIs, and although there appears to be a small improvement in relapse-free survival, there is no convincing improvement in overall survival [87] .
Endocrine therapies have some important side effects. Tamoxifen is generally well tolerated by both younger and older patients, with the most frequent complaint being hot flashes. There is however a small (about 1%) risk of endometrial cancer and venous thrombosis associated with 5 years of use of tamoxifen, and the recommended annual pelvic examination and Papanicolaou (Pap) smear can be a barrier to use for some patients. The approximately 1% excess mortality from endometrial cancer and venous thromboembolism with tamoxifen is overshadowed in most patients by the significant improvement in breast cancer survival [49] .
Although Als do not increase the risk of endometrial cancer or venous thrombosis, they frequently cause arthralgias/myalgias that can impede function and reduce treatment compliance. AIs are also associated with accelerated bone loss and an increased risk of fracture, which is of particular concern given that many older women have osteopenia or osteoporosis prior to their breast cancer diagnosis. Older women treated with AIs should be recommended to take daily vitamin D and calcium supplementation and encouraged to engage in routine exercise. For patients with osteoporosis or severe osteopenia, treatment with bone protective agents, such as bisphosphonates or denosumab, should be considered although insurance reimbursement may be an obstacle to obtaining such therapy. Therapeutic decisions should consider the side effect profiles and individual patient characteristics. For example, AIs should be used with caution in women with a history of ischemic heart disease and osteoporosis, while patients taking tamoxifen need to be carefully monitored for the development of venous thromboembolism and endometrial carcinoma [88] .
Current ASCO guidelines recommend that postmenopausal women receive either 5 years of an AI, 5 years of tamoxifen followed by an AI or 10 years of tamoxifen [89] . Emerging data have shown benefit with this approach and support continuing endocrine therapy beyond 5 years. The landmark ATLAS trial showed a reduction in recurrence risk and mortality with 10 versus 5 years of tamoxifen [90] while the MA.17 trial comparing letrozole to placebo following 5 years of adjuvant tamoxifen showed a 43% reduction in recurrence in the letrozole arm [91, 92] . Ongoing studies are evaluating the benefit of continuing adjuvant AI therapy beyond 5 years. 
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Conclusion
Identifying the optimal adjuvant treatment strategy for older women with breast cancer is a significant clinical challenge given the marked variability in life expectancy and general health in this patient population. In our review, we suggest an approach based on life expectancy and geriatric assessment (Figure 2 ). The sequence of administering adjuvant therapies in older women with high risk or unfavorable subtype breast cancer generally follows a similar pattern to that in younger women; chemotherapy first if indicated, followed by radiation and finally endocrine therapy and thus these treatments will be discussed in that order. After reviewing the goals of chemotherapy and eliciting the patient's treatment preferences, a brief GA can be performed to identify important deficits which may affect treatment tolerance, guide multidisciplinary intervention and aid treatment selection. GA can also help gauge a patient's functional status, burden of comorbidity, general health and overall fitness for therapy. Next, we suggest estimating life expectancy using the web-based, combined Lee-Schonberg index risk calculator [42] . In general, older women who are in good health with an average life expectancy greater than 10 years and no GA-identified deficits are considered fit and should be offered adjuvant chemotherapy perhaps with a second generation regimen such as docetaxel/ cyclophosphamide. For these women, various prognostic indices (e.g., Adjuvant! Online and Predict) or molecular based assays (e.g., Oncotype DX) are available to help estimate the potential benefits of chemotherapy, while tools such as those developed by Hurria et al. and the CRASH score are available to aid in estimating the risk of chemotherapy toxicities. A discussion of the value of chemotherapy mitigated by the risk of toxicity and framed within the context of the patient's values and preferences is warranted. If the patient wishes to pursue chemotherapy, a third-generation anthracyclinebased and taxane-based regimen either in a standard or dose dense fashion depending on the patient's goals and preferences is a reasonable option. However, given the modest additional survival benefit with these regimens and the risk of cardiac toxicities and secondary hematologic malignancy, a second generation regimen may be a more appropriate choice particularly in older women with pre-existing heart disease. The second-generation docetaxel/cyclophosphamide (TC) regimen was studied in older women (>65 years old) and was shown to be noninferior to the doxorubicin/cyclophosphamide regimen and therefore is an attractive option in older women when cardiac toxicity is a concern [93] .
For older women with HER-2 positive tumors, the addition of adjuvant HER-2 directed therapy is recommended if baseline cardiac function is normal and there is periodic cardiac monitoring throughout therapy. The paclitaxel/trastuzumab (TH) regimen was evaluated in the adjuvant setting in patients with early (predominantly stage I) HER-2 overexpressing breast cancer and showed an approximately 2% risk of early recurrence [57] suggesting that TH is a reasonable option for older women with this breast cancer subtype. Higher risk HER-2 positive tumors should be treated with more established regimens. Prophylactic granulocyte stimulating growth factor is recommended with regimens where there is >20% estimated risk of febrile neutropenia and should be routinely prescribed for women over the age of 65 receiving such regimens [94] .
For frail older women with limited life expectancy (<5 years) and multiple unmodifiable GA-identified deficits, such as a high burden of comorbidity or cog- Adjuvant treatment for older women with invasive breast cancer Review nitive impairment, the benefits of chemotherapy are likely be modest and therefore chemotherapy is not recommended. For prefrail patients with high risk or unfavorable subtype breast cancer and average life expectancy of 5-10 years, we suggest multidisciplinary interventions prior to chemotherapy treatment for those with modifiable GA-identified deficits, or an adapted adjuvant treatment approach for those with unmodifiable GA identified deficits.
Adjuvant irradiation can be safely omitted in some older women without sacrificing a survival advantage if they are appropriately treated with adjuvant endocrine therapy. These women must be willing to accept a slightly higher risk of local recurrence (∼3% at 5 years and ∼8% at 10 years) [73, 74] . Omitting radiation or pursuing shorter radiation schedules (hypofractionation) which require fewer treatment visits may be an appealing option for older women with limited mobility or concerns about radiation toxicity.
Because of the preponderance of hormone receptor positive tumors in older women and the fact that endocrine therapies are generally well tolerated and dramatically reduce the risk of recurrence, adjuvant endocrine treatments have become the cornerstone of therapy in older women with breast cancer. The majority of older women with this breast cancer subtype are generally considered for adjuvant endocrine therapy either with tamoxifen or an aromatase inhibitors after optimal surgery and radiation therapy (if appropriate). These endocrine agents lower risk of recurrence in both the breast and chest wall as well as in distant metastatic sites (bone, lung, liver or other organs) by about 50% [49] .
Applying these principles to the patients in the clinical vignette, we note that despite their identical chronological age these patients have marked different estimated life expectancies (10 year: 92 vs 24%) based on the information provided (Table 5 ). This future science group Review Jolly, Williams, Bushan et al. underscores the importance of GA in identifying variables not routinely assessed in clinical evaluation which affect life expectancy, a key consideration in adjuvant treatment decisions. Table 5 also shows that while Mrs A could likely have derived a reasonable estimated survival advantage with the addition of a 2nd generation chemotherapy regimen (10%) with acceptable estimated risk of toxicity (31%), Mrs B's estimated survival benefits are modest (5%) and risk of chemotherapy toxicity substantial (63%). Furthermore Mrs B has Alzheimer's disease which is likely to limit the overall survival benefits of chemotherapy [95] and make treatment compliance challenging. Therefore, if it is consistent with her goals and preferences, one could recommend chemotherapy for Mrs A but likely not offer it to Mrs B. Omitting radiation is a reasonable option for both women, although considering radiation perhaps with a hypofractionated schedule is a reasonable choice for Mrs A. Mrs A is also a good candidate for adjuvant AI therapy; however, worsening arthralgias due to underlying osteoarthritis is a concern and should be closely monitored. Because AIs are generally well tolerated, Mrs B could be considered for a closely monitored trial of AI therapy which can be truncated if significant toxicities develop. Tamoxifen is an option for either patient but carries the risk of venous thromboembolism and endometrial neoplasia particularly in the elderly [96] .
Future perspective
The landscape of adjuvant breast cancer management in older adults is evolving rapidly with several major changes in the past two decades and several anticipated in the years ahead. The role of geriatric assessment in the care of older adults with cancer will likely broaden with emerging data showing improved outcomes, hence solidifying GA's role in oncology practice. Another anticipated development is the use of biological markers of aging such as p 16INK4a , in clinical practice in addition GA to determine a patient's molecular age and predict tolerance for chemotherapy and other outcomes. Further, targeted therapies such as everolimus and palbociclib have both shown benefits in the metastatic hormone receptor positive setting and are being evaluated in the adjuvant setting. Likewise, chemotherapy conjugates of HER-2 directed therapies such as ado-trastuzumab are being investigated in the adjuvant setting as a way to better target cytotoxic chemotherapy. Overall the role of cytotoxic chemotherapy in the adjuvant setting will probably diminish but will likely not disappear completely. Caring for an increasing number of older cancer patients will remain a significant clinical challenge with the decreasing number of geriatrician and increasing, time, resource and personnel constraints. To overcome these challenge, health policy and workforce changes which bring together trained multidisciplinary teams prepared to care for an aging breast cancer population will be required. Adjuvant treatment for older women with invasive breast cancer Review CME Executive summary • Older women experience disproportionate breast cancer incidence and mortality. • Increasing life expectancy and an overall aging of the US population will result in an increased number of older women with breast cancer in the years ahead.
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Treatment goals, patient beliefs & preferences
• Many factors influence adjuvant therapy decisions.
• Older women with otherwise similar estimates of benefits from adjuvant cancer treatments may arrive at different treatment decisions, depending on their goals values and preference.
Evaluation of older women with breast cancer
• Geriatric assessment is the cornerstone evaluation of older adults, is prognostic, can identify often undetected deficits, guide multidisciplinary intervention and aid in adjuvant treatment decisions. • Several tools are available to estimate life expectancy which is a key consideration in adjuvant treatment decisions.
Adjuvant chemotherapy
• The goal of adjuvant chemotherapy is to decrease the risk of breast cancer recurrence.
• Multivariable indices and molecular-based assays help estimate the benefits of chemotherapy.
• Tools incorporating geriatric assessment variables provide estimates of the risk of chemotherapy toxicity.
Adjuvant radiation
• Some women with favorable breast cancer features can safely omit radiation without sacrificing a survival advantage. • Hypofractionation schedules are a safe and appealing option for older women who require breast radiation.
Adjuvant endocrine therapy
• Most women with HR+ breast cancer should be considered for adjuvant endocrine therapy.
Conclusion
• The optimal adjuvant management of older women with breast cancer involves weighting the benefits of therapy mitigated by the risk of toxicity and framed within the context of the patients' values and preferences.
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Activity evaluation: where 1 is strongly disagree and 5 is strongly agree. 1 2 3 4 5
The activity supported the learning objectives.
The material was organized clearly for learning to occur.
The content learned from this activity will impact my practice.
The activity was presented objectively and free of commercial bias.
1. Your patient is a 72-year-old woman with breast cancer. According to the review by Dr Jolly and colleagues, which one of the following statements about the effect of patient goals, beliefs, preferences, and quality-of-life considerations on adjuvant treatment options for older women with breast cancer is most likely correct?
£ A Estimated benefits from adjuvant cancer treatments are the sole factor affecting treatment decisions £ B Older patients are less willing to undergo chemotherapy than younger patients £ C Extended lifespan is the most important consideration for older patients when choosing adjuvant therapy £ D Clinicians should ascertain and respect patient goals, beliefs, and preferences regarding adjuvant treatment 2. According to the review by Dr Jolly and colleagues, which one of the following statements about evaluation of the fitness and suitability of the older patient with breast cancer for adjuvant treatment, as defined by life expectancy, geriatric assessment, biologic, nodal, and tumor differences, is most likely correct? 
